INTRODUCTION
Lakes and. ponds are surrounded by an area which may be covered with water or left exposed, depending on the water level. In the case of lakes this area, together with the adjacent land area, periodically washed by waves, and the submerged area, sporadically exposed by wave movement, in Pieczyhska's opinion (1972) constitute the eulittoral zone. This is a transitional zone between the land habitat surrounding the lake and the lake littoral, characterized by specific physical and chemical conditions (Pieczyńska, 1972 (Pieczyńska, , 1975 .
Conditions in the eulittoral zone habitat create the opportunity for development of specific plant associations and animals communities. These communities often constitute a mixture of species characteristic of this type of habitat, and also of typically land and typically aquatic species, living only temporarily in the eulittoral zone.
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One of the components using the lakeside zone is a community of small mammals consisting mainly of typically land species (cf. e. g., Bauer, 1960) . Other papers have supplied data on the occurrence and some elements of the ecological structure of species of small mammals occupying the edges of lakes and ponds (Karaseva et al., 1957; Zejda, 1967) .
The most comprehensive treatment in literature of problems connected with the occurrence of small mammals in the lakeside zone are to be found in papers on the edge zone of fishponds in Czechoslovakia. In addition to an ecological description of the communities examined (Pelikan, 1975; Pelikan & Hodkova, 1977; Pelikan, 1978) they include chiefly problems connected with production and energy flow through populations of small mammals (Pelikan, 1975) , and also the composition of the food of different species of small mammals (Holisova, 1972 (Holisova, , 1975 Obrtel, 1975) .
The purpose of the present paper is to give an ecological description of communities of small mammals occupying two different types of lakeside and of groups of small mammals making use of different parts of the lakeside (eulittoral zone).
STUDY AREA, METHODS AND MATERIAL
The studies were carried out in the neighbourhood of Mikołajki (Mazurian Lake District in Poland). The study areas included dry and submerged parts of the lakeside zones of Luknajno and Śniardwy Lakes. In both cases that part of the zone which during the experiment was constantly above water, was included in the studies. This part is, however, periodically covered with water in other years, and thus in accordance with Pieczynska's classification (1972) belongs to the eulittoral zone.
The zone which was constantly emergent was covered by a forest association including alder, with a considerable percentage in the herb layer of elements from the Molinio-Arrhenatheretea class. By the side of Lake Luknajno t'his part passed into a zone constantly submerged during the experiment, covered with osier-beds (incompletely developed Salicetum pentandro-cinereae association) with a herb layer composed chiefly of rush elements (Phragmitetea class). Further on there was also a submerged zone covered by reeds (Phragmitetum association) mixed with aquatic plants (Lemnetea and Potamogetonetea classes). The distribution of different plant associations was thus of a zonal character. There were only slight fluctuations in water level. During the study period both parts of the eulittoral zone under water in spring, summer and autumn were covered with ice and a thick layer of snow in winter. The distribution of plant associations by Lake Śniardwy was not as distinctly zonal in character as by Lake Luknajno. In the middle part of the study area patches of osier beds and patches of Calamagrostis neglecta occurred alternately with a considerable percentage of species of the following classes: Molinio-Arrhenatheretea and Scheuchzerio-Caricetea fuscae. Fluctuations in water level in the lake caused periodical flooding or exposure of this part of the eulittoral zone. The part constantly under water was covered by reeds. The eulittoral zone of Lake Śniardwy was more diversified from the phytosociological aspect than that of Lake Luknajno.
The lakeside of Lake Luknajno was surrounded by an extensive stretch of agricultural areas: meadows and fields. Potatoes or maize were grown in the latter. The lakeside was connected with shelter belts, while that of Lake Śniardwy from the land side was adjacent to a large stretch of wooded land (partly marshy alder wood, partly pine forest).
The live-traps were set singly in the area on permanent sites, forming a grid 18X15 m, and were baited with oat grain. On sites in the immersed areas the traps were set on special stands keeping the trap immediately above water level.
The lakeside area of Lake Luknajno included in the studies in spring, summer and autumn was 2.8 ha in extent. In all winter seasons the ¡study area was increased to 3.3 ha, setting more traps in that part of the lakeside zone which was under water in otherseasons. In the case of Lake Śniardwy, on account of the very considerable seasonal fluctuations in water level and consequent differences in the possibility of reaching different part of the lakeside, the study area varied in different seasons from 0.9 ha to 1.8 ha in extent. The CMR method was used to collect material. Traps were inspected twice daily, in the morning and evening. The date, place of capture, species, individual number, weight read from dynamometric scales with accuracy to 1 g, sex and data on sexual activity were recorded for each capture of an animal. Males with distinctly enlarged testes and females with an open vagina, visible signs of pregnancy, post-copulation plug or lactating were taken as sexually active.
Distinction was made between newly-marked individuals -caught for the first time and marked in the given study season, and those marked previously -during one of the preceding study seasons.
If the individual was caught more than once during a trapping series, the mean weight was calculated as the arithmetical mean of all weights of the animal found during the 10-day trapping period. The mean weight of corresponding groups was found as the arithmetical mean of the weight of all individuals belonging to the given group, omitting pregnant females.
The mean number of captures of individuals belonging to a given group during the course of the whole 10-day trapping series was taken as a measure of the trappability of groups of individuals.
In calculations of the size of home ranges the elliptical home range model was used (Mazurkiewicz, 1969 (Mazurkiewicz, , 1970 , since this method makes it possible to define home ranges only for animals caught five or more times during one trapping series. This method was also used for defining the centres of home ranges. When analyzing the distribution of centres of home ranges in the study area, the area was divided into three zones: aquatic -completely flooded by water, bordera thirty-metre border at the waters edge, and completely dry land not flooded by water.
For description and comparison of the animals living in different eulittoral zones the individuals caught were divided into three groups: (1) the group termed "land" (L), to which individuals caught solely in the dry part of the lakeside during the given trapping iseries were allocated; (2) the group termed "water" '(W), to which individuals caught in a given trapping series in either completely flooded or very water lagged parts of the lakeside were allocated, that is, parts in which the animals had no opportunity of digging burrows; (3) The group termed "land-water" (L-W), which included animals caught simultaneously in both parts of study plot during the given trapping series.
A ¡separate description has been given of groups of animals using different zones of the lakeside in winter, on account of the totally different conditions prevailing in the lakeside at the time, as compared with other seasons (ice cover on areas covered by water in other seasons). For the sake of conveniance, groups of animals were segregated in the same way as in other seasons. Animals which were caught in winter in areas which were covered by water in other seasons were allocated to the "water" group, to the "land" group -animals caught in emergent areas in other seasons and "land-water" -animals caught in both these areas.
Calculation was made of the limit of confidence for all the arithmetical means found. The significance of differences between mean values was estimated by means of the t-Student test (with p=0.05), previously using the F-Fisher test to estimate equality of variances. A total of 902 small rodents were caught, the animals being trapped a total of 4350 times in the two study areas during the whole experiment (Table 1 ). In addition 235 individuals of 3 species of insectivores were caught (Table 1) . In view, however, of the very high mortality of these animals in live-traps and the fact that live-traps suitable for rodents are unsuitable for insectivores (Pucek, 1969) only analysis in their places of capture was made.
RESULTS

Description of Small Rodent Communities in the Two Lakesides
The dynamics of density for rodents living on eulittoral zone of Lake Luknajno varied in a different way in successive study years. In the first year of studies density increased slightly from winter to spring, was maintained on the same level from spring to summer, increased considerably up to autumn and decreased up to the winter of 1978. In the subsequent (1978) year of studies density did not alter from winter to spring, but later increased up to summer. Further changes in density were similar in character to those in the first study year (Fig. 1) . On the side of Lake Śniardwy the density of the small rodent community chan-
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C.gla reolus ged in a similar way in both study years: it increased from summer to autumn, then decreased markedly from autumn to spring. In the second study year density increased from spring to summer. Density of rodents on the edge of Lake Sniardwy was similar in the corresponding study seasons (summer 1970) or higher (remaining seasons) in comparison with the density of the community on the edge of Lake Luknajno (Fig. 1) . C. g. is a species constantly occurring in the study areas. On the edge of Lake Sniardwy M. o. was also constantly present, whereas it did not occur at all in the community by Lake Luknajno. The remaining species appeared periodically on the edges of both lakes, chiefly A. a., which especially in autumn attained a high percentage in the communities until it reached numerical domination over the other species of small rodents Luknajno lake (autumn 1977). A. a. was in addition present in the community by Lake Luknajno in summer in both study years and in spring 1977 (Fig. 2 ).
In the summer of 1977 and in autumn in both study years A. f. was present in both study areas, but formed a considerable percentage of the community only in the autumn of 1977. A. j. occurred sporadically in the spring of 1977 by Lake Luknajno. In spring and summer of the second study year and in autumn in both years M. ag. also occurs by Lake Śniardwy, forming a large percentage of the community in spring 1978. M. ag. occurred only in the winter and spring 1977 by Lake Luknajno. The remaining species of small rodents occurred sporadically on the edges of both lakes (Fig. 2) .
In the majority of the study seasons the greatest percentage (up to 100%) in both study areas in the community of small rodents was formed by C. g. It was only in autumn in the first study year in both study areas that A. a., and in the spring of 1979 by Lake Śniardwy, M. o.,. reached a higher percentage than bank voles in the small rodent community (Fig. 2) .
The number of species found in both lakeside areas varied in different seasons, fluctuating from one to seven by Lake Luknajno and from two to seven by Lake Śniardwy ( Table 2 ). The value of the Shannon-Wiener species diversity index varied from 0 to 2 (Table 2 ). In corresponding study seasons the Shannon-Wiener index attained higher values for the community by Lake Śniardwy than that by Lake Luknajno (Table 2) .
Density of the Most Numerous Rodent Species
Variations in density of the C. g. population occurring by Lake Śniard-wy were similar in character to those of the whole community of small rodents in this area. It was only from summer to autumn in the first study year (1977) that increase in the C. g. population was far lower than for the whole community. In the lakeside of Lake Luknajno the C. g. population density increased slightly in the first study year (from winter to autumn) to reach a level of 20 individuals/hectare in the autumn of 1977. Later, up to the winter of 1978, population density distinctly decreased and was maintained on the same level (about 7 individuals/ha) up to the spring of 1978, after which in the summer of 1978 there was an increase in density to a level of 20 individuals/ha. This level was maintained up to the autumn of 1978, after which it decreased considerably up to the winter of 1979 (Fig. 1) . In corresponding study seasons density of the C. g. population was either equal in both study areas or attained higher values for the population by Lake Śniardwy than for ithat by Lake Luknajno. In general in the lakeside zone of Lake Luknajno there were far lesser fluctuations in density of the C. g. population than in the corresponding zone of Lake Śniardwy (Fig. 1) .
Peak numbers of A. a. occurred in autumn. By Lake Śniardwy these ^were the only seasons in which A. s. occurred at all. The density of this species by Lake Luknajno was very low in other seasons. On both study areas A. f. occurred very densely only in the autumn of the first study year. In all other seasons it either did not occur at all, or occurred sporadically (Fig. 3) . The M. o. population by Lake Sniardwy reached only low densities throughout the whole experiment. The population density of this species changes from about 2-3 individuals/ha in the first study year to about 9 individuals/ha in spring 1978, and was maintained on the same level up to the spring in the next year (Fig. 3) .
Distribution of Centres of Home Ranges
The majority the centres of home ranges of C. g. individuals in both study areas were situated in completely dry parts, but did not exhibit congregation in any special places. In the case of A. a. such centres are concentrated in both study areas in the border zone just by the water line. By Lake Sniardwy 16 out of 21 and by Lake Luknajno 18 out of 22 such centres of the home ranges of A. a. were situated in this border zone (Fig. 4) . 
Proportion of Old and Newly-marked Individuals in the Rodent Populations
Individuals marked in the given season predominated in the C. g. population in both lakesides. By Lake Luknajno it was only in the winter of 1978 and 1979 and in the spring of 1978 that there was a greater proportion of individual marked in preceding seasons (Fig. 5) . By Lake Sniardwy in the spring of 1979 only 2 representatives of C. g. were caught and both had been marked previously. In both study areas the great majority of individuals of all the other species of rodents remained for one study season only. An exception to this was formed by onei representative of A. a. by Lake Luknajno, marked in spring 1977 and caught in the area in the summer and autumn of 1977, and two representatives of M. o. from the community by Lake Sniardwy, marked in one study season and caught again in subsequent seasons. 
. Seasonal Variations in the Number of Rodents in Groups
The number of animals belonging to the "land", "water" and "landwater" groups varied considerably from season to season. In the majority of seasons the "land" group was the most numerous in both study areas. It was only in the winter of the first (1977) study year by Lake Luknajno, and spring of 1979 by Lake Snjiardwy, that the "water" group was most numerous. In the remaining seasons this group was either least numerous or did not occur, while the "land-water" group is usually intermediate in respect of numbers (Table 3) . Table 3 Comparison of number of representatives of small rodents belonging to the following groups: "land" (L), "land-water" (L-W) and "water" ( 
Species Composition of the Groups
In the "land" group in both study areas the greatest percentage was formed by C. g., particularly in the community by Lake Luknajno. A. a. and A. f. also occurred there in this group, forming less than 20°/o of it (Fig. 6) (Fig. 6A) . The species composition of the "land" group varied in different seasons. C. g. decidedly dominated numerically in winter. In spring its percentage decreased and the following additionally entered the composition of the group: A. a. by Lake Łuknajno, M. o. by Lake Śniardwy. In summer the percentage of C. g. in the "land" group increased in comparision with spring. The remaining species occurred sporadically. In autumn the percentage of C. g. in the group decreased in both study areas to about 50°/o and its place was taken chiefly by A. a. and A. f. (Fig. 6B) .
A. a. dominates numerically among rodents belonging to the "water" group in both study areas. C. g. and A. f. also enter into the composition of this group. M. o. formed a considerable percentage of the "water" group by Lake Śniardwy (Fig. 6A) .
C. g. decidedly predominated numerically in the "water" group in winter. In spring its percentage in the group decreased chiefly in favour of A. a. by Lake Łuknajno and M. o. by Lake Śniardwy. In summer the proportion of C. g. in the group increased, this species dominating) numerically by Lake Łuknajno, whereas the numerical domination of M. o. was maintained by Lake Śniardwy. In autumn A. a. formed the greatest proportion in the "water" group (Fig. 6B) .
In the third "land-water" group, the highest percentage was formed by C. g. in both study areas. The numerical predominance of this species over others was more distinct by Lake Łuknajno. A. a., was a subdominant, its percentage being higher by Lake Śniardwy and close to the percentage formed by C. g. A. f. occurred additionally in both study areas, and M. o. by Lake Śniardwy. The remaining species occurred sporadically (Fig. 6) .
In winter the "land-water" group consisted almost entirely of C. g. In spring, by Lake Łuknajno, C. g. also dominated, but C. g. and M. o. co-dominated by Lake Śniardwy. In summer in the two study areas the greatest percentage in the "land-water" group was formed by C. g., whereas in autumn its proportion decreased chiefly in favour of A. a. (Fig. 6) .
Mean Number of Captures per Individual
In the C. g. population individuals belonging to the "land-water" group exhibited the greatest mean number of captures/individual in comparison with individuals belonging to the "land" and "water" groups (differences statistically significant). On an average more captures per individual of C. g. took place by Lake Łuknajno in the "land" group than per individual from the "water" group (differences statistically significant), whereas by Lake Śniardwy C. g. from the "land" and "water" groups did not differ significantly in the average number of captures per individual (Fig. 7) .
In A. a. population on both study areas the greatest number of captures per individual occurred on an average in the "land-water'" group, lower in "land" group and lowest -in "water" group (differences, statistically significant) (Fig. 7) .
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; L L-W W Śniardwy lake In the A. j. population by Lake Łuknajno the greatest number of[ captures per individual occurred on an average in the "land-water" group, and the lowest in the "water" group (differences statistically significant). These mean values did not differ in the "water" and "land"' groups by Lake Śniardwy, but individuals from the "water-land" group. exhibited a higher average number of captures than for the two preceding groups (Fig. 7) .
Mean Body Weight of Animals
In neither study area were statistically significant differences found for C. g. and A. a., in respect of the mean body weights of animals belonging to all three groups (Table 4) . Table 4 Comparison of mean body weight of animals (±S.D.) in the following groups: "land' (L), "land-water" (L-W) and "water" (W) for C. 
Proportion of Pregnant Females
Less than 20°/o of the females were found to be pregnant in the C. g. population in the "land" and "land-water" groups, while not a single pregnant female was caught in the "water" group (Fig. 8) . 
Proportion of Animals Newly-marked or Marked in Previous Seasons
In both C. g. populations the percentage of previously-marked animals was similar in both the "land" and "land-water" groups, while the "water" group consisted solely of newly-marked individuals (Fig. 9) . Although three individuals from the "water" group remained until the subsequent season, they transferred to the "land" group. 
Size of Home Ranges
On both lakesides individuals from the C. g. population belonging to the "land-water" group had significantly greater average home ranges than individuals from the "land" group (Fig. 10) . Individuals from the "water" group were caught, in the majority of cases, less than five times, and thus with the method used there was no possibility of calculating the size of their home ranges.
Śniardwy lake 
Places on which Insectivores Were Caught
Among the three species caught on both study areas the majority of S. a. and S. m. were caught in dry areas, although they also were caught in areas flooded by water. Representatives of N. j. were caught chiefly in immersed areas (Table 5) . Table 5 Total number of Insectívora caught in the "land" (L) and "water" (W) parts of the Lakeside zones. 
DISCUSSION
The communities of small rodents in the two lakeside study areas differ in respect of certain characters. The community by Lake Śniardwy is more diversified than that by Lake Luknajno, and this is expressed in the Shannon-Wiener index values (Table 2) . This difference and also the greater density of whole community in the majority of seasons by Lake Śniardwy than by Lake Luknajno (Fig. 1) would appear to be due to the different character of the respective habitats. The habitat of the edge of Lake Śniardwy is more mosaic in character, which is more favourable to settlement and attainment of higher population numbers of small rodents (especially voles). Confirmation of this has been supplied by numerous authors (Wiens, 1976; Hansson, 1979) .
Differences in the species composition of the two rodent communities examined may also be due to the differences in the habitats bordering the lakeside zones, and this would appear to account for, e. g., the more frequent occurence of A. a. at the edge of Lake Luknajno, which is surrounded by agricultural land, than the edge of Lake Śniardwy, which is surrounded by forest (Fig. 2, 3 ). According to Zejda (1967) A. a. is connected with agrocenoses and occurs most numerously on the lakeside zones bounded by cultivated fields.
In the more diversdfield habitat of the edge of Lake Śniardwy C. g. reaches greater density than by Lake Luknajno and the annual course of variations in numbers (Fig. 1) is typical of populations of this species in Poland (e. g., Andrzejewski, 1963; Gliwicz, 1975) . The absence of such a ty^ ical course of variations in numbers of C. g. on the edge of Lake Łuk. aj o and maintenance (particularly during the first study year) from spring to autumn of population density on a uniform level (Fig. 1) may suggest that C. g. does not find suitable conditions for normal population development in this area. This assumption is supported by papers by Holisova (1972) and Pelikan (1975) , in which the authors suggest that conditions prevailing in this type of habitat are unfavourable and close to the limits of tolerance of C. g. This is due chiefly to poor food supply, particularly in the second half on the growing season (Holisova, 1972) .. Some authors consider that A. a. is an important element in the community of small mammals living on the edge of lakes and ponds, on account of its relatively strong and lasting connection with this type of habitat (Kolyushev, 1953; Popov, 1960; Zejda, 1967) . Reedbelts are characterized by a particularly great proportion of A. a. (Raczyński et al., 1983) . Chełkowska (1969) states that in wooded land osier beds are one of the most favourable biotopes for A. a., in which this species settles and reproduces and in turn spreads to other habitats as their numbers increase. The results of the present study do not, however, fully confirm this. Although A. a. occurs in considerable densities on the edge of Lake Śniardwy, this applies only to autumn -during the season of intensive migration (Fig. 2, 3 ) and on the edge of Lake Luknajno almost total exchange of individuals in the population takes place from season to season. These facts lead to the assumption that A. a. is only periodically connected with lakesides and migrates there from other habitats.
The periodical appearance on the edges of lakes of other rodent species: (Fig. 2) , and almost complete exchange of their individuals from season to season, form evidence of the absence of any lasting connection of these species with the habitat of lakesides.
The permanent occurrence of M. o. population on the edge of LakeŚniardwy forms a separate case (Fig. 3) . Data in literature show that the lakeside habitat, covered by reedbelts and shrubs, very much waterlogged, with vegetation growing in hummocks, forms very favourable conditions for the existence of M. o. (Karaseva et al., 1957; Raczyński et al., 1983) .
The dry zone is most numerously occupied by small rodents (Table 3) . C. g. is most strongly "attached" to this area, and this species forms the greatest percentage in the "land" group (Fig. 6) , with the centres of their home ranges situated, in the majority of cases, in the dry part of the lakeside (Fig. 4) .
The presence in almost all study seasons in both lakesides of rodents caught either solely in the immersed zone ("water" group) or simultaneously in both immersed and exposed zone ("land-water" group) (Table 3) shows that these animals make use of all parts of the lakesides, including those under water. The boundary between water and land does not thus form a sharply-demarcated limit of occurrence for these typically land mammals.
The vast majority of rodents in the "water" group consists of individuals periodically appearing in the lakeside area (Fig. 6 ) and among C.g. -almost only individuals recorded in the study area in one study season only (Fig. 9) . Among representatives of C. g., A. a., and A. f., individuals of the "water" group are characterized in the majority of cases by the lowest number of captures per individual (Fig. 7) . This is a characteristic of individuals occupying a low position in the social hierarchy of the population (Andrzejewski et al. 1959 ). The absence of C. g. pregnant females in "water" group suggests that they do not participate in reproduction (Fig. 8) . They are not, however, the youngest animals, since they are not distinguished from others in respect of mean body weight (Table 4) .
Individuals occupying the lakeside zone covered with water thus possess certain charateristics of "poorer" individuals in the population and the whole community. It may be that their entry into and stay in lakeside areas covered by water is the effect of "saturated" dispersal in the sense given by Lidicker (1962 Lidicker ( , 1975 , as the result of which animals "poorer" in certain respects in the population are obliged to migrate and search for places to settle in. It may therefore be that rodents recorded in the immersed parts of the lakeside zone form the migrating part of the population, and their being in this part of the lakeside is the effect of the phenomenon, well known during peak population numbers, of the appearance of representatives of the species also in habitats which are not their typical ones (Aulak, 1970) . Confirmation for this assumption is provided by the fact that the "water" group is the most numerous in the lakesides in the autumn (Table 3) i. e., during the season of maximum numbers and most intensive migration.
For at least certain species of rodents, simultaneous use of both dry and underwater parts of the lakeside zone may be favourable. This is shown by the situation of centres of home ranges belonging to representatives of A. a. near the water line (Fig. 4) . The number of captures/ individual was higher for representatives of S. g., A. a., and A. f. from the "land-water" group than for individuals belonging to other groups (Fig. 7) , which is a characteristic of population dominants (Andrzejewski et al., 1959). Individuals of C. g. from the "land-water" group were characterized by larger home ranges than other bank voles (Fig. 10) . This property also is a characteristic of individuals dominating in a population (e. g., Gliwicz, 1979) .
A constant component of the community of small mammals in the lakesides examined are insectivores. In this group of animals also typi-cally land species such as S. a. and S. m. maike use both of emergent and submergent parts of the lakeside ( Table 5) . As in the case of land rodents, the boundary line between land and water does not form a sharply-demarcated limit of occurrence for land insectivores. Na pobrzeżach jezior stwierdzono stałe występowanie zespołów drobnych ssaków
